In this paper, we report the catalytic activity of the Sn/Bi alloy beads and its acceleration of the exothermic epoxy curing reactions in various thermal conditions and bead compositions. As being used as low-melting solder balls in electronic interconnection processes with various epoxy systems, it was found that the Sn/Bi beads substantially lowered the exothermic peak temperature of the diglycidyl ether of bisphenol A (DGEBA)/anhydride systems in up to ca. 140 C depending on different types of anhydride curing agents. The catalytic activation of Sn/Bi powder was initiated with a small amount of Sn/Bi powder, for example, lowering ca. 50 C of the exothermic peak temperature by adding only 0.1 vol% of Sn/Bi powder. The catalytic capability of the powder was increased by using smaller sized beads corresponding to larger catalytic surface area at the same volume fraction. Exhibiting a latent catalytic effect, the catalytic activity of Sn/Bi powder was remained latent at temperatures lower than 100 C in isothermal conditions.
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INTRODUCTION
Flip chip technology using anisotropic conductive films (ACFs) plays an important role in advanced portable electronics and flat panel displays, where fine pitch interconnections and low temperature assembly are required. [1] [2] [3] Conventional ACFs consist of conductive balls, which are composed of several metal layers covering polymerbased beads embedded in an insulating adhesive polymer matrix. In this interconnection process, the electrical current passes between the upper and bottom electrodes through the metal-coated particles trapped between the corresponding electrodes, while the optimum pressure and heat are applied simultaneously. However, this conventional ACF system provides a limited electrical conduction, due to the high electrical contact resistance and low thermal conductivity. A possible alternative to these metalcoated polymer balls would be low melting point solder balls. Recently, Sn(42)/Bi(58) solder powder (30 vol%) has thus been used to achieve a high conductivity for the next generation of ACF systems.
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In our previous research on solderable ACFs, 4 the DGEBA (diglycidyl ether of bisphenol A)/amine curing system was investigated for ACF applications, where the reaction temperature was controlled using the organic catalysts to obtain the optimal curing conditions as with most other cases in epoxy systems. However, it was observed that the reaction temperature could be lowered without using catalysts in this study for various DGEBA/anhydride curing systems in such processes as ACF. Interestingly, it resulted from the incorporation of the solder powders in the DGEBA/anhydride curing system, whereas this behavior was not observed in the DGEBA/amine curing system. Because organic catalysts often produce the typical odor of amines, the emission of volatile products, toxicity, low heat resistance, and prompt vitrification, 6 they could be replaced with the Sn/Bi solder powder in anhydride curing systems. To the best of the authors' knowledge, there have been no reports on the catalytic effect of Sn/Bi alloy for thermosetting polymerization, even though Sn and Bi are known to act as a catalyst for other synthetic applications such as butadiene and acrolein.
